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Summary 

Mice homozygous for Ipr (lymprioprolrleratioo) or gld 
(generalized rymphoprolHerative disease) develop 
rymphadenopathy and suffer from autoimmune dis- 
ease. The Ipr mice have a mutation In a cell-surface 
protein. Fas, that mediates apoptoals. Fas Kgand 
(FasL) la a tumor necrosis factor (TNF>retated type U 
membrane protein and binds to Fas. Here, mouse Fas/ 
gene was Isolated and localized to the gld region ol 
mouse chromosome 1 . Activated splenocytes from gld 
mice express Fast mRNA. However, FasL In gld mice 
carries a point mutation In the C-termlnal region, which 
Is Wghly conserved among members of theTNF family. 
The recombinant gld FasL ejcpressed In COS celts 
could not Induce apoptoals In cells expressing Fas- 
These results Indicate that Ipr and gld are mutations 
in Fas and Fasl. respectively, and suggest Important 
roles of the Fas system in development of T cells as 
weH as cytotoxic T lymphocyte-mediated cytotoxicity. 

Introduction 

While T lymphocytes respond to a variety of foreign anti- 
gens, they do not react to self-components. The education 
or repertoire selection of T cells occurs during their devel- 
opment T cell progenitors arise in the bone marrow and 
then migrate into the thymus, where interactions of precur- 
sor T cells with thymic epithelial cells promote maturation 
of the cans (van Ewijk, 1991 ; von Boehmer. 1988). Imma- 
ture T cells that recognize autoantigens are deleted by 
negative selection, a process that occurs by apoptosts 
(Murphy et at. 1990). T cells carrying the T cell receptor, 
which do not recognize self-MHC as a restriction element 
and cannot receive positive selection, are neglected and 
deleted by programmed cell death (Blackman et ah, 1990; 
RamsdeU and Fowtkers, 1990). It has been estimated that 
>95% of immature T cefis die in the thymus (Scollay et 
at, 1980; Egerton et a!.. 1990). In adoltion to deletion In 


the thymus. some mature CD4* or C08* singJe-posUrveT 
cells reacting with self-antigens are deleted in the penph- 
ery (Jones et at. 1990; Kawabe and Ochi. 1991; Russell 
et al 1991; Webb at at. 1990). This process is known as 
peripheral clonal elimination or extralhymic tolerance and 

and Ochi. 1991). . , 

Mice homozygous for Ipr OympnoproBteratwn) or gld 
(generalized lymphoprofiferaave disease) motions *c_ 
cumulate a large amount ol nonmafignant CtM CDr T 
cells in the spleen and lymph nodes (Andrews etd 
Cohen and Bsenberg. 1991; Roths et H, 1984). These 
mice also suffer from autoimmune disease like system* 
lupus erythematosus by producing autoantibodies anu- 
ONA and meumatoid factor, and die around 5 months of 
age. The Ipr and gJdmutations are nonallelic and are toe* 
tad on mouse chromosomes 19 and J. 
(Roths et aL. 1984; Watanabe et al.. 1991). Although the 
tor and gW mutations were onginaBy thought of as muta- 
tions in the common metaboBc pathway (Davidson ot aL. 
1985) bone marrow transplantation experiments sug- 
gested that they were mutations in an interacting pair of 
n^les(AItenetal..1990).mmisnKKlefU^to/pr^ 
was suggested to be a receptor expressed ta .both , bone 
.narrow-derived celts and peripheral calls, white the gld 
product was considered to be a soluble cytokine or mem- 
brane-associated protein expressed in bone mairow- 

d ^t*9on(Fas)isa4Skd protein belonging to theTNF 
(tumor necrosis factoryNGFtoerve growth factor) receptor 
family and mediates apoptosfe (Itoh et al.. 1991; Nagat* 
1994) Fas is expressed in the thymus, fiver, heart, and 
ovafy ftWatanabe^ukunaga et al. 1992b). Genetic analy- 
sis localized the Fas gene near the tor locus on mouse 
chromosome 19. and cftaracterization of its gew structure 
indicated that to/is a mutation of the Fas gene (Watanabe- 
Fukunaga et al.. 1992a). Two alleles. 
been identified (Cohen and Bsenberg. 1991). * tar. an 
earty transposable element is inserted into mtron 2 of the 
Fas gene, which causes premature termination a^aber- 
,ant spOcing of the Fas transcript (AdacW et al.. 1993). » 
k** a point mutation in the Fas gene was ktenUfied that 
causes a replacement of isoteudne with asparagme and 
abolishes the ability of Fas to transducathe apoptotic sig- 
nal (Watanabe-Fukunaga et aL. 1992a).. 

The structure ol Fas suggested that Fas Is a receptor 
tor an unknown cytokine. Recently, we purified ra» F» 
Bgand (Fast) from a CTL (cytotoxic T lymphocyte) ceflkne 
(luda and Nagata. 1994). The purified F^^anM. of 
40 kd. and the isolation of its cONA -nd^edthat FasL 
is a member of the TNF family (Suda et al.. 1993). to ths 
report, we have ctoned and localized the mouse ^s/gene 
tothegMregkmot mouse chromosome 1 by 
backcross analysis. Splenocytes of wild-type and gfdmice 
express Fast mRNA upon activation. However, the protein 
coded by gld mice carries a point mutation and cannot 
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Mice hcotozygous for fpr(ry^^ 

(generated lymphorjromeratlve disease) develop 

tymphadenopathy and suttee from autokromma <*s- 

^,The/p/nilcehayeamut»Uonkiace0^u^ 

protein, Fes. thai merftatee •P°P t0 ^ t ^*^ 
(Fast) Is a tumor necrosis factor (TMF)-related type a 
membrane protein andbtoda toFas, Here. mouse Fas/ 
gone was Isolated and localized to the gW region of 
mouse chromosome 1 . Activated splenocytes from gld 
mice express Fesl mRNA. However, FesL In gW mice 
c**rleaapomtimrtatIoo»1heC4e^ 
taWgWycortservedamortginemD^ 
The recombinant old Fast expressed » COS cefla 
could not Induce apoptosts m cess expressing Fas. 
These results Indicate that Ipe and gld are mutations 
in Fas and Fist, respective*, and suggest Important 
roles of the Fas system In development of T cefla as 
weflascytotoxteTlympho^ 


White T lymphocytes respond to a variety taelgn anti- 
gem, they do not react to seff<ompcoents. The education 
wrecortoiro selection olTcete 

opment Tee* progenitors arise In the bone marrow and 
then migrate rnto the triymu^ 

sor TceSs with thym ic epttheftal cefc promote maturation 
c4lhecefc (van Ewp, 1991: von Bcoraner. 1968% Imma- 
ture TceQs that recognize autoantigerts are deleted by 
negative selection, a process that occurs by apoptosta 
(Murphy etaL. 19901. Tce8s carrying the Tr^ receptor, 
which do not recognize se»44HC as a restrict element 
and cannot receive positive selection, are neglected and 
deleted by programmed eel death (Wackman etaL. 1990; 
Ramsdel and Fowftcers, 1990). It has been estimated that 
>95<* of immature T eels die *m the thymus (Scoflay at 
al. 1980; Egertonetal. 1990% In addWon to delete* In 


the thymus, some mature CO^ 
ceDs^eacti^^ 

eta! 1991; Webb etaL. 1990% This process is known as 
peript^ctor^ellrw^ 

and Ochi. 1991). 
Mi« ncmozyc^ for »v ftrmr^^ 

(genexaixeuly^^ 
cun^ealargeainairt 

cedstothe spleen ^^ l ^<*^^J^ 

r^«r*Ssenbef*1991;R^ 

rr^ also suffer from autoimmu^ 

lupus erythematosus by producing »^™™\~"\ 

ONA and rheumatoid factor, and die *'°**]^ m ^'^? 

ac^Tne*andc*rnutati^^ 

feed on mouse chrcmes«nes 19 and . 

(Roths at at. 1 984; Watanabe et aU 

far and ptf mutations were oric^thc^of asmut* 

fens in the common inetabofic pathway (Davids^ 

198S). bone marrow transplantation experiments sug- 

gested that they were mutations in anirteracting fwot 

rrKrfeculeslAlen^ 

was suggested to be a receptor •«P^^^^ 
narrow^erhwd cees and fjer|r^ r^. w«e gW 
product was considered lobe asctoblecytoldwormern. 
Uane-associated protein expressed in bone marrow- 

*^stntic^ 
(turnc^neorosisfacto^ 

tam«yandfnec5atesapcptc^(ftohetaJ.. Wi.Nagaw. 

1994). Fas is expressed In the ^^^^^ 

ovary Watanabe^utamaga et ak 1992b). Genetic anaiy 

sis locaazed the Fas gene near the *v locos on inouse 

chromosome 19. ajidcnarac^^ 

indfcateda^#rtaamuta^ 

Fukunaga et af.. 1992a). Two states. |x and Iff. have 

been identified (Cohen and Bsenberg. 19 ^|° o ^; 

eanvtransrjrjsabtoetem^ 

Fas gene. wh» causes premature le^ 

rant splicing of the/^tr^ 

Jpr a, i a point mutation In the Fas gene was ™j 

causes a replacement of Isoteudne wth as*>a/ac^ 

eiwfchesthe abattyoltetolr^^ 

naJ Watanabe-Fukunaga et at. 1992a% 

ine structured to suc^este^ 
♦or an urUuwwncytc^. Recent 
BgamlffasUlrom aCTtfcv^^ 

fjudaandi^ 
40 kd. and Ine isolate ofte 
is a member of the TNF famly (Suda etaf., 1993% to this 
report, we bavectoned and tocaazadtheniouseFas^ 
tother^fregfonofrr^ 
bactooss analysis. Spleoc^ 
exrxessFasirnRNAiaponactrva^ 
coded by r^ mice car^ 


Ruben EXHIBIT 2120 
Ruben v. Wiley et aL 
Interference No. 105,077 
RX2120 


970 


A 




Rgurs 1. Th« Structure ol Mouse F*sl 

(A) The gene organization of mouse Fmst. Tbe oroanizatw n of lha 
mouse F«sf gene b shown schematically. Boxes and defines between 
them represent tour axons and three irtrons. respectrvdy. "The coding 
sequence it represented by tte AM area, whie the open area indi- 
cates the rwncoding sequence. 

(B) NudeofkJesequen««rKJpre<^e^ 

Fas*. The nucleotide sequence and lha predk^ainlno acid sequence 
o( exons and the promoter region ol the mouse fas/ gene are shown 
with the conosponding raf sequences (Suda et at.. 1993). The rat 
nucleotide tnd amino add sequences that ai»<«lerei< bom those in 
mouse fesJ are indteated abova the riucseotide sequence and betow 
the amino add sequence of mouse Fes/, respectively. Arrowheads 
kitfcale trie rwbons oT eMrw^ 

and end points olthe rat Fas/cONA. Compamon of mouse and rat 
sequences was done within this region. The ouafce* below each fche 
indicate the amino add posibon of mouse Fast. The TATAAA box. 
pofyadenytation signal (AATAAA). and the putative transmembrane 
region are underlined, wh* five potential ranked gtycosytatton sig- 
nals (Asn-X-Ser/Thr) are hxScated by asterisks. The primers used for 
reverse PCR are indicated by riorizonta! arrows under the rw 
sequence. 

induce apoptosis in ceOs expressing Fas. These results 
indicate that the abnormal phenotypes such as rympho- 
proTrferation and autoimmune disease in gtd mice are due 
to a imitation in fas/. 


Results 

Isolation of the Mouse Fae Ugand Gene 
Screening of a mouse genomic library prepared from 
mouse 129/Sv strain with the rat Fast cDNA yielded two 
positive dcH>es(XMFL5 and XMFL1 B). Restriction mapping 
and Southern blot hybrkSzatjon analysis of these clones 
indicated that XMFL5 and XMFL18 carry the 5' and 3* part 
of the Fas/ gene, respectively. The nucleotide sequence 
of the genomic regions corresponding to the rat Fast 
cDNA, in addition to part of the promoter region, was deter- 
mined. The sequence revealed a high conservation with 
the rat Fas/sequence, suggesting that doned XONAs carry 
the mouse Fast gene. Comparison of the nucleotide se- 
quence of the mouse Fas/ gene with that of the rat Fast 
cDNA {Suda et at, 1993) revealed the genomic organiza- 
tion of mouse Fas/. As shown In Figure 1A. the mouse 
Fasl gene consists of four axons. Alt the splice donor and 

acceptor sites conform to the GT AG rule (Padgett et 

at, 1986) for nucleotides immediately flanking exon bor- 
ders. Further flanking sequences are in good agreement 
with favored nucleotide frequencies noticed in other split 
genes (Padgett et al.. 1986). The gene organization of 
mouse Fas/ is similar to that of other members of the TNF 
famay such as TNFo and lymphotoxin p* (Browning et al.. 
1993; Nedwm et al. 1985). 

Figure IB shows the nucleotide sequence of the pro- 
moter, exons. and y tanking region of mouse Fas/ gene, 
together with the corresponding sequence of rat Fasl 
cDNA There b a long open reading frame ol 837 bp starting 
from the ATG Initiation codon located 107 bp downstream 
of the TATA box. The open reading frame codes lor a 
protein of 279 amino acids with a calculated IW of 31 .440. 
The nucleotide and amino acid sequences of mouse Fasl 
have identities of 90.6% and 91.4% with rat Fas/, respec- 
tively. Even the 3* noncoding region of the mouse Fas/ 
- gene has an identity of 84.5% with that of rat Fas/. Similar 
to rat FasL (Suda et al.. 1993), the mouse Fast contains 
no signal sequence at the N terminus, but contains • 
stretch ol hydrophobic amino acids (22 residues) in the 
middle of the molecule, suggesting that mouse FasL is * 
type 0 membrane protein. The cytoplasmic region con- 
sisting of 78 amino acids is rich in proline residues; 25 
out of 78 residues are proline . The Oterminal extracellular 
region consists of 179 amino acids, contains five potential 
Hgfycosyiatton sites (Asn-X-Ser/Thr), and has a signifi- 
cant similarity with other members of the TNF famay. 


Murine Chromosomal Location ol the Fas Ugand 

The murine chromosomal location of Fasl was determined 
by interspedfic backers 

from matings of (C57BU6J x Mus spretus)F1 x C57BL/ 
6J mice. This interspecific backcross mapping panel has 
been typed lor over 1500 loci that are well distributed 
among all the autosomes as well as the X chromosome 
(Copetand and Jenkins. 1991). C57BU6J and M. spretus 
DNAs were digested with several restriction enzymes and 
analyzed by Southern blot hybridization for informative 
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restriction Jragmentle^potymorphismstRFLPsli^stng 
a pr obe from own 4 of the mouse F«f genomcl Ocu*A 
1.9 Kb M. spretus Sphl RFCP (see Exp^d Prece- 
dures) was used to toBow the segregated t£ f «**°« 
in baekcross mice. As shown to Figure 2. the mapping 
results indicated that Fast is located to the 
of mouse chromosome 1 linked to Cd4S. AO. Sah. and 
Otfl No recombination was detected between fas/ ana 
AO in 180 animals typed in common, 
two tod are within 1 .7 cM of each other (upper ^confi- 
dence emit). Previous mapping experiments have pteced 
gtt within 0.56 ± 0.39 cMofAtt on chromosome 1 (Wat- 
son et al.. 1992). Our mapping of Fasl within 1.7 cM <rf 
At3 places Fas/in the same chromosomal location as gW. 
consistent with the hypothesis that Fasf encodes gftf. 

A Mlssense Point Mutation In the Fas Ugand 

from «ld Mice . 
To examine whether gU mice carry a mutation in the Fas/ 


gene, chromosomal DMAs ^^^n^lt^ 
^wilWandgWmice.digestedw^^.to™. 
Wndm PstiorXbal.and subjected to Southern Wot hy- 
SL ar^ysis. The 0.9 Kb ONAJ^ent -^ng 

^mptete coding sequence ^J^**"~l£ 
rp\o3sshowntoFi9u re 3A.thew^m^O^ 

digested with various restriction enzymes gave i aj »w 
^Thesi^ottnertyMdizing^^ 

restriction map of the cloned genome locus of 
r^I^^Satmere is ontyono genomic gene 

hapto4d Senorne^ngenomfc 
r^h^^n^ice was ar^lyzed by Southern t^r^txid- 
S^bands were indistinguishable from Unseen 
^d-rypeDNAforaa restriction enzymes a"**™^ 
uTaT™** resuns indicate that no gro« 
^ments have occurred In^r^eo^^ 

Aeration of rat splenocytes w»th P**^ 12 "^™. 
l3*cetaT(PMA) and ionomycin induces expressed 

F^^^^ T «^^SnS 
of Fasf in gWmice. splenocytes were P^P^^Tl 
Jpe (Cmihi. MR14+/+D and mutant (p3HJgWfg«l. 
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TRandEXTintfc^ethecyl^^ 

and the erfracellutor colon. respect**. The 

rmdeotide sequence and the deduced amino sad sequence o< the 

F.sJ cONA of o« (mFasL-o*fl and wOd-type (mFasl) mice at me site 

tons of n>ouseF.sUThaam>**e^ 

« bo»ed by a sofid Bne . Amino add ^^J^^^^ 
region of human TNFo (hTNFoJ. human TNF* (hTNFW. human 
Zootoxin p (hLTp), human CO40 Sgand (hCO40U h«™ CO* 7 

amino acids erf tavorad substitutions in more than lour mambefs we 
boxed by a dotted Bne. 


MRL{fcW/prD mice. After activation with PMA and lono- 
mycin, potytA) RNAs were prepared from the sptenocytes 
and analyzed by Northern blot hybridization. As shown in 
Figure 38. poty(A) RNAs from an mouse strains gave a 
band of about 2 kb hybriouing with mouse Fast probe 
ONA. The detection of Fad mRNA of apparently mtact 
size in gtfrnfce indicates that the mice can produce Fas/ 
mRNA as efficiently as the wfld-type mice. 

To determine the coding sequence of the mouse Fast 
of gtd mice, a set of oligonucleotide primers representative 
of the 5' or y noncoding region (see Rgure 1B) were pre- 
pared. Using these primers, the coding sequence of 
mouse Fast was amplified by polymerase chain reaction 
(PCR) after reverse transcription of mRNA from the acti- 
vated sptenocytes of wild-type or gkS mice. The resultant 
0 .9 kb PCR product was inserted into pBluescript II, and its 
nucleotide sequence was determined. The PCR product 
from wild-type C3H mice had a sequence identical to that 
found in 129/Sv mice (see Figure IB). On the other hand, 
six independent Fast cDNA clones of gkS mice, derived 
from two independent PCR reactions, showed a transition 
of T to C near the 3* end of the coding sequence (Figure 
4). This mutation causes the replacement of phenylalanine 
with leucine at the amino acid position 273 in the extracel- 
hilar region of the mouse Fast, which is highly conserved 
among members of the TNF famiy. 

To establish whether this mutation abolishes the ability 
of Fast to induce apoptosis in ceBs expressing Fas. Fast 
cONAs from wild-type and gtd mice were expressed in 
COS cells. The cytotoxic activity of COS ceOs expressing 
recombinant FasL was then examined using WR19Ltrans- 
formants (W4) that express mouse Fas (Ogasawara et al., 
1993). As shown in Rgure 5. the COS cells transfected 



Rgure 5. InabiCTy of o* Fast to tnduca Apoptosia 

COS cells were transfected wim pEF-SOS vector (a) or pEF-BOS car- 

r^^w^rnFesrcT^ 

nVStoc transfection, cytotoxicity ol tha tn^sfactad COS a*> ~s 
assayed using W4 (closed circles) or WR19L cefls (open cades) as 
U^W^e envts of the sdubto 

onlhe cytotoxic activity of the wOd^ype nxomtou^ n^asM^ 
Fclck»ad:nanc*>tom..ss^ 

cefls) ratio of 0.75. as described previous* (Suda et eL, I993L 


with wild-type mouse Fast cDNA could KB the W4 cells 
but not the WR19L parental cells in a dose^ependent 
manner. Furthermore, the cytotoxic activity of COS ceOs 
transfected with mouse Fast cDNA could be Inhibited by 
a soluble form of mouse Fas (Fas-Fc) but not with a soluble 
form of human TNF receptor (TNFR-Fc). These results 
confirm that the Fast cDNA cloned from wid-type mice is 
functional and can induce apoptosis by binding to Fas. 
However, the COS cefls transfected with gtd Fast cDNA 
showed little cytotoxic activity. These results indicate that 
the FasL expressed in gtd mutant mice Is unable to Induce 
. apoptostem Fas-expressing ceBs, and that oirfis a muta- 
tion of the Fas/. 


Discussion 

Mice carrying either feror g/d mutation suffer from lymph- 
adenopathy and autoimmune disease (Cohen and Eisen- 
berg 1991). Previously, we showed that the tpf mutation 
b a mutation of the Fas gene, which encodes for a cell- 
surface protein mediating.apoptosis (Adachi et aL. 1993; 
Watanabe^Fukunaga et al.. 1992a). In this report we have 
shown mat the gW mice carry a defect In FasL These 
results support the hypothesis, proofed by bor* marrow 
transpfantafion (Alton et al., 1990), that gtd and tpf are 
mutations of genes encoding a cytokine and its receptor. 

respectively. ta ^ 

FasL from gtd mice contains a point mutation wme 
(^terminal region of the molecule, a region wtiich Is highly 
conserved among members of the TNF famBy. According 
to the structural model of human TNFo (Eck and Sprang. 
1989- Jones et al.. 1969). this region forms a 0 sheet and 
is situated Inside the molecule. Several groups have gen- 
erated mutants of human TNFa (Gase et aL, 1990; Van 
Ostade et al.. 1991; Yamagl^ 
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hc w nk1 Fas t mutations in the correspond- 
dogenous superanttgens (clonal detettoo) ° 

ali cos ever o^r ^ 

th« miA of the Fas system in positive selection r> «^ 

(1993, reported 
^^U^ocytes escape from apoptos* in the thymus 
S^neTmiarate tothe periphery. ExaminaUonof _ 

1993} and tor" a 8*1 mice carrying the T ^ 

also rJTindicated that positive setecttonas 
seiectjon is essentially normal in mese 
* *. 1992). We have not teem abte» 
detect the Fasf mRNA in the ^ 
signal in activated thymocytes (Suda et 
suggesting that the Fas system may 
^development of most T<^*^*^ h £ 
^^ to exa™m,.^msit U t^md^^«^^ 
tochemistry. or both, whether some fcrited yet specme 
ceH populations In the thymus express. FasL. 

hSnto the thymus, mature T cefcr^ngw^ 
rhe setf-component are deleted In the P^^^. 
al 1990; Kabelitz et al.. 1993; Kawabe and Och.. 1991. 
S-JssXa... I^-Fasisexpress^^^ 
T ceils (Traulh et al.. 1989). and prolonged activation ot 
induces in the cetls susa^b«ty tothe 
cvTic activity ol the arm-Fas antibody (Was et a. 993 
fXcJe. aL. 1992). Rec^t^o^ureT 
cells from tor and g« mice (RusseB et al.. 1993. Russel 


« anUCD^sUmutated suicide, ^^^ thl 
cetls from «* mice showed some ^^^^ 
VPT T ceOs f oOovring in vivo 
oen (Scott el al.. 1993). Tbese results sugge* t«i <om 

erance. In accordance '^""^^oa sinote- 
on 30<Vb-50% ol ^^^^^^ot ma- 
positive ceOs (Otappa et al.. p M - 

S^^rpoSr-actSr^s 

Suda e V^ -^ h 3) F " ^asL are killed by themselves 
expressmg both Fas and^ .mechanism may 

operate ^°^*^Y^to foreign antigens after 
,o remove the actuated Tcetetorw ^ ession o( 
they have done their lob.F^ermore^ the ^ 
ST* activated B (pr 
at. 1989). as well as the ^ e ™^° jj^xcelis 

lulated previously that CTU al w ^ ^ 394. Suda et 

^ ^^ictTa^mTd^s such as 
mediated cytotoxxt^arou^ , u1min anthepati- 
Graves' dlsea^chn^^o^ ^^ 

fe J re ^ST?wS S mteresting «o axamine 
and Bona. 1993). « ""J 1 ™ n «thooenesis ot these 
whether FasL plays a role m the pathogenesis 

diseases. 


bp DMA lr.gn~* tram * * 15 W L u~l « * « s ' 

N»» CM*, ion* N ^^^"jT^«»nL*90.1V.SOS. 
SOS. "^l 3 ^*^ Jd£. *»«wd mou- W*A, 

tnt.r»P~mc B«<*"o» »MfP»»fl ^ n^flrvg (CS7BU 

W «,rsp«#c b«*cn« „ l^cA-d (Cop- 

Und »d J-nxins. «9»M g^S. >~> Soum- 
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1982L Ail blots weri prepared with HyboruJ M* mwnbriM (Amersham). 
The probe, a 1.4 kb Spel fragment of moos, genomic ^carrying 
exon^the Fes/ gnomic locus, was Ubel* with (a^JCTP us** 

• nidi towslatton Ut (Ajtiersham): wishing was o^ to a final strin- 
gency of 0.1 x SSCP. 01* SOS. 65»C A fragment ol 1 18 kt> was 
detected in SphJ-digestod C57BU6J DNA and a fragment ol 1.9 kb 
was detected in Sphldioested M. sprstus ONA. The presence or ab- 
senos ol the 1 S H> M. spretus-^pecific SpW fragment was followed 
in beckeross mica. 

Ademption of the probes and RFIP* for one kxws linked to fesf 
including CD4S antigen (Cd4S. formerly LyS). antiihrornbin 3 (Af3). 
setectin endothelium (Sa%. tonnerty Bam), and corner-binding factor 
1 {Ottl) has been reported previous* (Singh et aJ.. 1991; Siracusa 
et at. 1991). Recombination distances were calculated as ******* 
(Green. 1981) using the computer program SPRETUS MADNESS. 
Gene order was detefmmed by morrorW^ 
bon events required to explain the alele distribution panems. 

Cloning of Mouse Fa. Ugand cONA by PCR 
Sptenocytos from waVHype |C3HI4*D or pfrf(C3HtoWr^m.cowere 
incubated at a concentration of 2 x lOPcoftsmilmRI^l 1640 medium 
(Ni.su, Tokyo) containing 10% fetal calf serum (FCS). SO »M 
^owcaptoeftanot. 13 ugra* Con A and 20 nc/ml ^t^itan^ai 
37*C tor 2 days. The Con A blasts were then treated with 10 ngrinl 
PMA and 500 ng/mJ aaiomyoto for 4 hr. Alter treatment, dead cells 
were rexrwnxJ by rjensay gradk^ c« 

1083 (Sigma), and pc4y(A)RNA was prepensdiisingenniRhlAlsotalion 
Ut from Pharmacia- Single-exrsnded cOKA synthesis and PCR were 
cenied«rtasdesCT^byK«wesa3d(Kaw»«Jd. 1990). In brief. 1 H9 
of POMA) RNA was used as a template for cONA synthesis in 20 ul 
otre^r^ 

RNAase H~ reverse transcriptase (GIBCO BRL). An aliquot (1 J) >d) of 
tM reaction mixture was dauted with 100 idol PCR bu^ containing 
100 pmol each of the sense and antisense p»ne*s- The sense primer 
c«rriwthe20nt^r^(GAGAAGGAAAXXXTTT<^^ 
of the ATG Initiation codon and an Xbal recognition site (GCTCTAGA) 
at the 5' end. whereas the downstream primer carries the sequence 
f^TATTCXrrGGTGCCCATGAT) downstream of Che TAA lerminetion co- 
don and an Xbal site. The reaction mixture was placed in a DNA 
twrmal cycler CPerkm-FJmer Cetus). and the reaction was started by 
adoTng2^UofThemu*seQ^iatkwDfttpc^ 
Takara Shuw Company. Kyoto). The condyle* thofXttwereVO 
mln at 94*C. 2 mln at WC. and 3 mln at 72*C for 20 cycles. The PCR 
products were digested with Xbal and fractionated on 1H agarose 
get (Low Gel Temperature. BioRad)- A 940 bp DNA fragment was 
recovered from the gel and subctened Into the Xbal site of pre- 
script*. 

Trensfectlon of COS CeJk and Assay for Cytotoxic Acthrtty 
The 940 bp Xbal ONA fragment carrying n»ouse Faa* C0I4A was to- 
eerted into the Xbal site of pEF-BOS. a msnw^expn»sston vector 
pyKxushlma and Negate, 1990). Monkey COS cefls were cultured in 
0uto # cco J s rnodrfied Eaglea medium (DMEM. Nlssui Company. Tokyo) 
contaming 10% FCS. COS cells (2 x KT) on 10 cm plates wens 
transTocted with S ng of plasmid DNA by the D6A£-dexfran method 
(Fufainega et al„ 1990). and the ototoxic activities ol the trensfocted 
ceto were determined as (Ascribed rxeviousty (Suda «1 aL. 1993). In 
brief, 1 x 10«VVR19LorW4cetopgasawaraetei.. 1993) were labeled 

• with •"Crby incubmtion at 37*C for 2 hr in RPMI 1640 mer*um con- 
taining 20 aO of P^Jsodajm chromate (Ainersharn). These tl Cr- 
lsbetodceffT(1 x 10*) were rru^wtm transected C»Sce«s at various 
ratios, and the release of *Cr was determined after incubation tor 4 
hrat37*C. 

General Procedures 
Of^scquencirig wes caiTiedouti^ 
. Apr>iedBiosystenu)aj>deTaq 

Wl from Appned Btosystams . m som^ 


Northern and Southern btot r^ybriduab^ were carried out under 
high stringency renditions w«h a »P4abeled 940 bp ONA fragment 
carrying mouse Fasf cONA as a probe. 
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